Generation of constructs encoding the recombinant Vajk proteins 133 134
To amplify the entire coding region of the vajk genes the RH73259 (vajk-1), the RH04334 135 (vajk-2), the HL02234 (vajk-3) and the LD27203 (vajk-4) cDNA clones were used as templates. 136
In case of the vajk-1 gene we used the vajk-1 fw and vajk-1 A rev primers (Table 1) clones carry the vajk-1, the vajk-2, the vajk-3 and the vajk-4 cDNA fragments respectively, 143 followed in frame by the FLAG tag coding region, two stop codons and an additional NotI 144 restriction site. DNA sequence analysis was done using a BigDye Terminator v3.1 Cycle 145
Sequencing Kit (Invitrogen) and a 3500-Genetic Analyzer (Applied Biosystems). The obtained 146 plasmids were digested with EcoRI and NotI restriction enzymes and after isolation of the 147 fragments containing the whole fusion constructs, they were cloned in the EcoRI/NotI site of the 148 pENTR3C vector (Invitrogen). pGC44 (vajk-1), pGC38 (vajk-2), the pGC42 (vajk-3) and the 149 pGC46 (vajk-4) plasmids were obtained. With site-specific recombination using Gateway 150 reaction the fusion constructs were further transferred into the pDEST TM 20 vector (Invitrogen). 151
The pDEST TM 20 moreover provides a polyhedrin promoter and an N-terminal GST tag coding 152 region to the constructs. The obtained pGC63 (vajk-1), pGC66 (vajk-2), the pGC69 (vajk-3) and 153 the pGC72 (vajk-4) clones were used for transforming DH10Bac E. coli competent cells
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6 recombine with the pDEST20. The recombinant clones carrying the constructs (polyhedrin 156 promoter, N-terminal GST tag, vajk coding region, C-terminal FLAG tag, stop codons), were 157 selected according to the manufacturer's instructions. 158
To create the plasmid construct expressing the Vajk-FLAG recombinant proteins, the 159 previously described EcoRI/NotI fragment carrying the vajk cDNA fragment and the FLAG-tag 160 coding regions, were cloned into the EcoRI/NotI site of pFastBac TM Dual vector (Invitrogen), 161 downstream of the polyhedrin promoter. The obtained pGC51 (vajk-1), the pGC29 (vajk-2), the 162 pGC32 (vajk-3) and the pGC52 (vajk-4) clones were used to generate bacmid DNS construct as 163 described above. 164 165
Expression and isolation of the recombinant Vajk proteins 166 167
The recombinant Vajk proteins were expressed in a baculovirus expression system (Bac-to-168
Bac, Invitrogen). The obtained bacmid DNA constructs, described above, were isolated and Sf9 169 cells were transfected using Cellfectin II reagent (Invitrogen). Sf9 cells were grown in TNM- The repetitive sequences found in the Vajk proteins (Fig. 1A ) are present in these orthologs 300 (Table 2. ). Moreover, the consensus sequence found in the Drosophila Vajk proteins (Fig.1B) is 301 also present in the orthologs (Fig. 1C) . 302 In 16-17 stage embryos the Vajk1 protein is expressed in the esophagus, the ducts of the 322 salivary glands, the trachea and the denticle belts of the ventral epidermis (Fig.3A) . It is not 323 expressed in any larval stages but is present in late, 72 h old pupae (P9-P11 pupal stages). 324
Analysis of the late pupae (Fig. 4) for Vajk1 expression with indirect immunofluorescence 325 revealed staining of a branching structure, the developing trachea, on the surface of the indirect 326 flight muscles (Fig. 4A') . To confirm the tracheal expression we used the tracheoblast-specific 327 btl-GAL4 driver in combination with UAS-GFPn. As the btl promoter exhibited low activity at 72 328 h after puparium formation (at which stage the Vajk1 protein signal was the most intense), we 329 that it is present in the denticle belts of the ventral epidermis and trachea of 16-17 stage embryos 336 (Fig. 3B) , similar to Vajk1. The protein was also detected in the epidermis of the 72 h old pupae, 337 expressed homogenously in the cytoplasm of the hair cells and showed a granular distribution inM A N U S C R I P T
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Western blot analysis of Vajk1 showed that both isoforms (41 and 43 kDa) were present in 340 late embryos and in 72 h old pupae (P9-P11 pupal stages) (Fig. 6) in agreement with the indirect 341 immunoflurescent data. The Vajk4 signal (38.1 kDa) was detected in the embryo, in the pupa and 342 the adult (Fig. 6) . Neither protein was detected in larvae (Fig. 6) (Fig. 4D) . The Western blot analysis 357 confirmed this finding, as the Vajk1 protein was absent in lysates obtained from 72 h old pupae 358 (Fig. 4E) . 359
The vajk-4 gene was silenced using the 15514 and the 3642 UAS-RNAi transgenic stocks. As 360 revealed by indirect immunofluorescence (Fig. 5B) and Western-blot analysis ( (Fig. 7 B) . Moreover electron microscopy pictures reveal 393 remarkable differences in the appearance of the cuticle in Vajk1 silenced specimens (Fig. 7C) . In 394 the electron microscopy sections both parental control phenotypes are characterized by a strictly 395 regular cuticular lining with an evenly spaced wave-like appearance of the epicuticular layer; the 396 basal procuticular surface on the other hand is only very slightly wavy. As a result of this 397 arrangement the thickness of the procuticle gets increased right under the crest of the wave, in 398 addition, a taenidium can be observed in each of these taenidial folds (thicker regions). In the (Fig.3A) . 423
The Vajk4 protein showed a similar expression profile to Vajk1 (Fig.3B) . It was observed in the 424 denticle belt areas and in the trachea, but it could not be detected in the esophagus or the ducts of 425 the salivary glands, where the Vajk1 was also expressed. show that the D. melanogaster Vajk1 and Vajk4 proteins also bind chitin (Fig. 7A) . Furthermore 466 immunofluorescence experiments revealed a striking reduction in chitin marked tracheoles 467 innervating the indirect flight muscles of the vajk-1 silenced flies (Fig. 7B) . Significantly, these 468 data were reinforced by electron microscopy, revealing a disordered structure of the cuticular 469 lining of these tracheoles (Fig.7C) . We hypothesize that in the absence of the Vajk1, the chitin 470 cannot be properly embedded in the cuticle, hence resulting in a disorganized structure to the 471 cuticular layer. 
